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The  physicochemical,  mineralogical  and  technological  properties  of  clayey  materials  from  the  Ndop
plain  (NW  Cameroon)  have  been  investigated,  for  their  ceramic  applications.  The  clayey  materials  have
mixed  facies  with  colour  ranging  from  brown,  grey,  mottled  and  yellowish  brown.  The  thickness  of  the
exploitable  clay  layer  is more  than 5 m.  Their  mineralogical  constituents  are  quartz,  kaolinite,  illite  and
feldspars,  with  kaolinite  as major  clay  mineral.  Based  on  the  geochemistry,  their  source rocks  might
be  felsic,  with  a maﬁc  rock  inference.  These  materials  display  high  percentage  in ﬁne particles  and
high  Atterberg  limits.  For  all the  ﬁring  temperatures,  ﬂexural  strength  (1.2–11 MPa),  water  absorption
(8.03–24.27%),  linear  shrinkage  (2.10%),  weight  loss  (4.88–16.54%)  and  bulk  density  (1.57–2.03  g/cm3)
◦
aolinite
eramic
indicate  good  ceramic  properties  for  ﬁring  samples  between  900  and 1100 C. Most  of  the  ﬁred  test
bricks  show  a brick  red  colour  with  good  to  very  good  cohesion.  The  studied  clays  were  thus,  suitable  as
raw materials  for roof  tiles,  light  weight  blocks  and  hollow  bricks;  however,  mixing  of  high  clayey  and
highly silty  materials  could  improve  the  quality  of  the  products.
© 2016  The  Ceramic  Society  of  Japan  and  the Korean  Ceramic  Society.  Production  and  hosting  by
Elsevier  B.V. This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.org/. Introduction
The availability of clay materials, its numerous domains of
pplication, and its short process of treatment are the base of
ocio-economic development for most countries [1]. The proper-
ies of clay that are of interest to the ceramic industry are: its
lasticity which facilitates shaping of bodies, chemistry, mineral
omposition, thermal properties, colour, and mechanical strength
fter ﬁring [2–4]. In Cameroon, burn clays have been used as con-
truction material for colonial buildings as Foumban, Bamunka and
afut kingdom palaces, and a great interest of clay base materials
s noticed since a decade, with development of ﬁre bricks factories
nd art craft manufacturing. It is the case of the Bamessing clays
n the Ndop plain (NW Cameroon) currently used for traditional∗ Corresponding author at: Department of Earth Sciences, University of Yaoundé
,  P.O. Box 812, Yaoundé, Cameroon. Tel.: +237 699 53 64 43.
E-mail address: rfyongue@yahoo.fr (R. Yongue-Fouateu).
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187-0764 © 2016 The Ceramic Society of Japan and the Korean Ceramic Society. Producti
icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).licenses/by-nc-nd/4.0/).
production of small scale table wares and burn bricks. But Bamess-
ing clays in particular and Ndop Plain clays in general are not
documented. Thus, the technical understanding of important out-
crops and potential deposits of this area has become a necessity in
order to appreciate their suitability for industrial use for sustain-
able development. Since the microstructure and properties of any
ceramic product depend on the composition and characteristics of
the raw materials and the process, thus the objective of this work is
to physically, chemically and mechanically characterize the Ndop
clays for appropriate ceramic applications.
2. Study area and geological setting
Ndop is situated in the North West Region of Cameroon, pre-
cisely in the Ngoketunjia Division between latitudes 05◦15′ to
06◦11′N and longitude 10◦15′ to 10◦50′E. It is located between the
Bamenda Mountains and the Oku Massif (part of the Cameroon
volcanic line [5–7], and bordered to the West by the Eastern escarp-
ment (Sabga) and is characterized by colluvial and alluvial ﬂood
plains (1150–1200 m of altitude), Fig. 1. These superﬁcial deposi-
tions sorted from nearby high-land [8] partly cover a Precambrian
on and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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600–500 Ma)  granitic and gneissic basement overlain by a suc-
ession of Cenozoic age felsic and maﬁc lavas of the Bamenda
ountains [9–12].
. Materials and methods
.1. Field survey and clay morphology
Hand auger prospecting of clay deposits was carried out in
amessing and Bamunka situated in the Ndop plain. One hundred
nd ﬁfty samples were collected from ﬁfty drills with depth ranging
rom 5 to 7 m.  Representative drills are coded N– in Fig. 1. On the
rill core proﬁles, important clayey materials with different facies
how colour and textural variation. The colour ranges from brown,
rey, dark grey, mottled to yellowish brown, and the texture from
layey to sandy. Dark grey clays were mostly found at the foot of
ills in Bamessing, and brown clays are around Bamunka. Bamess-
ng clay deposits are composed of mottled to dark grey clayey layers
hich are overlain by brown grey or dark organo-mineral layer
ith a local presence of pebble layer In Bamunka, clay deposits are
ade up of grey and brown to grey clayey layers with patches of
ed soil.
The thickness of the exploitable clay from drill records is more
han 5 m.  The selection of samples to be analyzed was based on the
ollowing parameters: the thickness of the clayey layer, colour and
rain size. Six representative samples were collected for analyses:p  of the study area.
four from Bamessing (N213, N215, N412 and N414) and two from
Bamunka (N713 and N715).
3.2. Analytical techniques
The X-ray diffraction (XRD) patterns were obtained with a
Bruker D8-Avance Eco 1Kw diffractometer (Copper K radia-
tion,  = 1.5418 A˚, V = 40 kV, I = 25 mA)  with Lynxeye Xe energy
dispersive detector in the laboratory of “Argiles, Géochimie et
Environnements sédimentaire (AGEs)” at the University of Liège,
Belgium. The analyses were carried out on the bulk material (non-
oriented powder with grinded particles <250 m)  and on the clay
fraction (<2 m).  The XRD patterns were recorded over the 2–70◦
2 angular range for the bulk material and between 2◦ and 30◦
2 for the clay fraction. The step sizes considered for both type of
analysis were 0.02◦ and 0.009◦ 2 respectively, whereas the time
per step chosen were 0.25–0.5 s, respectively. The primary optic is
motorized in order to illuminate a ﬁxed sample length whatever the
angular position (16 mm for bulk, 12 mm for clays). Further tests for
detailed identiﬁcation were overnight glycolation (<24 h) and heat-
ing (500 ◦C for 4 h). The identiﬁcation of mineral phases was carried
out using Eva software.In the bulk sample, the semi-quantitative relative abundance
of minerals was estimated using the height of a diagnostic peak
multiplied by a corrective factor [13,14,15] together with the so-
called 100% approach (the term 100% approach connotes that the
R. Yongue-Fouateu et al. / Journal of Asian Ceramic Societies 4 (2016) 299–308 301
usco
s
c
f
(
a
t
o
B
t
e
c
c
s
t
c
d
w
c
d
t
a
2
(
u
(
i
(
h
f
b
w
t
9
f
a
m
q
s
t
w
w
1Fig. 2. XRD patterns of the random samples. Il = illite; M = m
um of all phase quantities identiﬁed in a sample is 100%). The
ommon reﬂection of clays at 4.47 A˚ is multiplied by a corrective
actor of 20 to give estimate of the total clays in the bulk sample
Table 2). For the semi-quantiﬁcation of the different clay miner-
ls, the estimation of kaolinite, illite and smectite was  based on
he height of 001 reﬂections (at ∼7, ∼10 A˚ and ∼17 A˚ respectively)
n glycolated specimens. Infra-red spectra were recorded using a
ruker Fourier Transform Interferometer IFS 55, from 4000 cm−1
o 400 cm−1. Aggregates were carbon coated prior to the scanning
lectron microscopy (SEM) analysis (observations and chemical
omposition).
Concerning the physical properties of raw materials, the parti-
le size distribution (PSD) was carried out using wet- sieving and
edimentation methods according to the USDA classiﬁcation sys-
em (gravel d > 2000 m;  sand 50 < d < 2000 m;  silt 2 < d < 50 m;
lay d < 2 m).  Liquid limit (LL) and plastic limit (PL) tests were con-
ucted using the Casagrande apparatus [16,17]. The plasticity index
as calculated from the arithmetic difference between LL and PL.
Ceramic properties of ﬁred bricks were determined from the
olour, cohesion, linear shrinkage (LS), ﬂexural strength (FS), bulk
ensity (BD), water absorption (WA), weight loss (WL) and sound
est. The six raw materials were studied. Three mixtures (S80, S60
nd S40 with respectively 80–60% and 40% silty-sandy material plus
0–40–60% clayey material) of the silty (N213, N215) and the clayey
N412, N713) samples were also tested. For this purpose, samples
sed for briquette making were oven dried (24 h at 105 ◦C), ground
Hammer mill) and mixed with 20% water to enhance particle bind-
ng. Test briquettes were produced with moulds of dimensions
8 cm × 4 cm × 1 cm). The samples were compacted using manual
ydraulic press of type T91004 – TUV. The briquettes were air-dried
or 24 h and then oven-dried for 24 h to eliminate absorbed water
efore ﬁring. Firing was done in a mufﬂe furnace of type FP34G,
ith maximum temperature of 1100 ◦C under air atmosphere. The
est briquettes were subjected to ﬁve ﬁring temperatures (900 ◦C,
50 ◦C, 1000 ◦C, 1050 ◦C, 1100 ◦C) under reducing conditions; those
rom mixed samples were ﬁred from 900 to 1100 ◦C with temper-
ture intervals of 100 ◦C. The temperature increased by 5 ◦C per
inute, with a soaking time of 2 h. Flexural strength () of bri-
uettes was evaluated using the three-point bending test. For each
ample, a total of three briquettes per ﬁring temperature were
ested and the average () was recorded. Linear shrinkage test
as done by drawing a line of 5 cm on unﬁred specimens, and
as measured after each temperature from oven temperature at
05 ◦C. The difference between the dried and ﬁred products wasvite; K = kaolinite; Q = quartz; F = feldspar; Cr = cristobalite.
noted. Bulk density was obtained by weighing the mass of ﬁred
briquette divided by measured volume. Weight loss was measured
between 105 ◦C and peak temperature of 900–1100 ◦C, considering
the dry mass and the ﬁred mass. Water absorption was measured
by weighing the dried briquette and the wet, after immersion in
water for 24 h. The sound test consists of knocking two ﬁred test
pieces together to obtain the sound [18].
Inductive Coupled Plasma by Atomic Emission Spectrometry
(ICP-AES) was  used for the determination of major elements.
4. Results and discussion
4.1. Mineralogy and chemical composition
4.1.1. Mineralogy
On the XRD patterns, all the samples have their major reﬂection
peaks assigned to quartz, kaolinite, illite, feldspar and cristobalite
(Fig. 2). The bulk mineralogical composition (Table 1) reveals the
occurrences of clay minerals with kaolinite (23–43%) as major
clay mineral, characteristic of the strong chemical weathering in
humid tropical climate, with illite (5–17%), few amounts of smec-
tite, goethite and gibbsite in some samples (Table 1). The main
non-clay minerals are quartz (11–22%) and feldspar (13–38%).
The relative high quartz peaks for all the samples is due to the
presence of free silica [19]. On the FTIR spectra presented in
Fig. 3, the quadruple bands at 3697 cm−1, 3670 cm−1, 3656 cm−1,
3620 cm−1 corresponding to O H stretching bands are charac-
teristic of kaolinite based clay, with well ordered kaolinite [20];
in the 3670–3650 cm−1 zone, the one broad complex band near
3650 cm−1, indicates a variable structural order. The stretching and
bending of hydration water are observed in the 1650–1665 cm−1
part. The Si O stretching bands in the 1120–1000 cm−1 and the
Al O bending at 915 cm−1 are characteristic of aluminosilicate
minerals. The doublet at 800–780 cm−1 and the 720–500 cm−1
zone are respectively due to quartz and feldspar admixtures in the
clayey material [20–22]. The scanning electron microscope SEM)
enabled the observation of the platy-like appearance characteris-
tic of kaolinite [23,24] and locally honeycomb aspect of very thin
ﬂakes of extremely small particle size, usually observed for smec-
tite and illite [23,25] in the clayey material (Fig. 4), while feldspars
grains display dissolution features due to their ongoing weather-
ing [23]. The presence of feldspar in all the samples attests that the
weathering process is not completed, due to short distance trans-
port from moderately weathered source rocks [26,27]. Occurrence
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Table 1
Estimated mineralogical composition of Ndop plain clayey materials.
Samples Minerals Diagnostic peak (A˚) Corrective factor Mineralogical composition (%)
N213 N215 N412 N414 N713 N715
Powder
Quartz 3.37–3.31 1.00 Cook et al. [13] 18.85 13.77 11.13 22.48 20.20 20.86
K− feldspar 3.26–3.21 4.30 24.87 16.98 13.59 23.20 11.58 19.81
Na− feldspar 3.21–3.16 2.80 14.07 5.25 4.63 7.55 2.26 3.79
Goethite 2.46–2.43 7.00 – – 5.26 – 11.31 –
Gibbsite 4.93–4.79 0.95 – – 0.43 – – –
Cristoballite 4.13–4.05 9.00 12.04 19.00 10.83 10.79 16.96 –
Total  clay 4.47 20.00 Boski et al. [14] 30.17 45.00 54.13 35.98 37.69 43.35
Total  100.00 100.00 100.00 100.00 100.00 100.00
Clay
Smectite (EG) 18.80–17.00 0.25 Fagel et al. [15] 1.07 – – 0.73 – –
Illite/mica (EG) 10.00 1.00 5.22 12.78 17.29 6.22 5.36 –
Kaolinite (EG) 7.1–7.2 0.70 23.88 32.22 36.84 29.03 32.33 43.35
Fig. 3. FTIR spectra of the Ndop clayey materials.
Fig. 4. SEM micrographs of the Ndop clayey materials: (a) platy-like appearance, (b) honeycomb aspect of very thin ﬂakes, and (c) dissolution features of feldspars grains.
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Table  2
Major elements composition (%wt of oxides) of Ndop clayey materials.
Ref. code
Samples
d.l.
–
N213
Grey brown
clayey layer
N215
Dark grey silty
layer
N412
Greyish brown
clayey layer
N414
Grey sandy
layer
N713
Grey with clayey red
soil patches layer
N715
Grey brown
clayey layer
PAAS
SiO2 0.01 50.5 53.2 48.6 58.8 47.4 50.7 62.80
Al2O3 0.01 20.7 21.4 22.2 20.4 22.4 20.9 18.90
Fe2O3 0.01 9.21 5.17 9.77 4.69 10.75 9.14 6.50
CaO  0.04 0.47 0.64 0.13 0.15 0.19 0.31 2.20
MgO  0.01 1.09 1.17 0.46 0.33 0.47 0.47 1.30
Na2O 0.01 0.31 0.4 0.41 0.63 0.33 0.66 1.20
K2O 0.01 2.17 2.4 2.23 2.59 1.04 1.16 3.70
Cr2O3 0.01 0.02 0.02 0.01 0.01 0.01 0.01 1.00
TiO2 0.01 1.53 1.59 1.79 2.02 1.56 1.54 0.16
MnO  0.01 0.04 0.04 0.07 0.02 0.07 0.08 0.11
P2O5 0.01 0.14 0.05 0.23 0.1 0.31 0.34 0.01
LOI  – 13.75 14.75 13.85 10.85 14.75 14.15 6.0
Total – 99.93 99.7 100.55 99.25 100.94 99.43 –
SiO2/Al2O3 2.44 2.48 2.19 2.88 2.11 2.42 –
d.l = detection limit; PAAS = Post-Archean Australia Average Shale after Taylor and McLennan [31].
Table 3
Particle size distribution Atterberg limits and colour of raw clay samples.
Sample code PSD (mass%) Atterberg limits (mass%) Colour of raw sample
Gravel Sand Silt Clay LL PL PI
N213 0.10 29.90 57 13 81.02 43.96 37.06 Grey brown
N215  0.20 20.30 63.50 16 53.31 27.10 26.21 Dark grey
N412  0.10 7.90 38 54 69.88 35.60 34.28 Greyish brown
N414  6.60 39.08 24.32 30 48.58 28.90 19.68 Grey
N713  0.01 6.00 36.99 57 84.09 35.20 48.89 Grey
N715  0.20 27.80 45 27 64.04 36.50 27.38 Grey brown
Fig. 5. Position of the studied samples on the Ferret diagram.
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f feldspars in clayey materials is an advantage, because it can serve
s base material for the reduction of fusion temperature of bricks
28]. The high kaolinite proportion in the samples and the presence
f illite and quartz show the acidic character of the surrounding
ocks [29]; this also indicates deep weathering of a felsic source
rea [30].
.1.2. Chemical composition
As presented in Table 2, the Ndop plain clayey mate-
ials are siliceous (SiO2: 48–58 wt%) and aluminous (Al2O3:
0–22.4 wt%) with the SiO2/Al2O3 ratios ranging from 2.1 to 2.8,
ue to the presence of kaolinite as dominant clay mineral. The
e2O3 (4–10.75 wt%), TiO2 (1.5–2 wt%), K2O (≤2.59 wt%), MgO
≤1.17 wt%), CaO (≤0.64 wt%), and Na2O (≤0.66 wt%) contents are
igniﬁcantly low. These contents can be related to the presence of
inor amounts of feldspars, along with mica and goethite. In com-
arison with PASS (post-Archean Australian Average Shale [31]),
he Ndop plain clayey materials are SiO2, CaO and K2O depleted,
ut more aluminous to ferruginous with high TiO2 content. This
epletion is related to the increase of chemical weathering of the
aterials [32]. High Ti content would suggest a maﬁc source rock
nference [33], notably the maﬁc lavas of the Bamenda Mountains.
.2. Physical properties of raw materials and characters of ﬁred
lay samples
The particle size distribution (PSD, Table 3) shows that the great-
st amount of clay material occurred in N412 and N713, with
heir clay fractions ranging from 54 to 57%. The lowest percent-
ge clay (13–16%) occurred in N213 and N215 which are among
he most silty samples (silt: 57–63.5%). The PSD could be indicative
f the ceramic strength of any clay material [34–36]. Plotted in PSD
ernary diagram (Fig. 5), Ndop plain clayey materials are shown
o have a clay (N713 and N412), silty loam (N215 and N213), clay
oam–loam (N715) and clay loam–sandy clay loam (N414) texture.
Clay plasticity is an important parameter which assists in deter-
ining the application of the clay body [37]. The results of Atterberg
imits (Table 3) are similar to that of two Turkish clays which areFig. 7. Position of the studied clay samples on the Winkler diagram.
suitable as ceramic raw materials in a ceramic tile industry [38].
The Ndop clays also have acceptable moulding properties accord-
ing to their plots in Winkler scheme and Holtz Kovacs diagram
[39] (Fig. 6). Plotted PI and LL data are mostly within the highly
plastic zone, except for N414 which fall in the moderately plas-
tic zone (Fig. 6). They are similar to the Cambodian clays which
plotted in highly plastic zone (C1, C2, and C4) and moderately plas-
tic zone (C3), are considered as appropriate raw materials for the
production of structural ceramics.
The suitability of the different clay samples for ceramic appli-
cation is indicated in the Winkler diagram (Fig. 7). In this
diagram, N414 is suitable for the fabrication of roof tiles and light
weight blocks whereas, N715 could be used to produce hollow
bricks. N713 and N412 have high amount of clay-sized fraction
which may induce suitable technological features according to the
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ineralogical composition and particle size distribution [40]. These
amples need to be mixed with low clay content materials (e.g.,
215 and N213) which are high in silt, important to produce hol-
ow bricks or roof tiles and light weight blocks [36]. The results are
imilar to those of clay products on Tertiary volcanic cones in Limbe
Cameroon) which are good raw materials in ceramic industry.
.3. Technological properties
When ﬁred from 900 to 1000 ◦C, specially above 1000 ◦C to up
o 1100 ◦C, all the samples give a red colour brick, and show good to
ery good cohesion at the maximum temperature (1050–1100 ◦C).
hey sound inferior metallic to metallic from 900 to 950 ◦C and
etallic, from 1050 to 1100 ◦C.
The results of water absorption (WA), weight loss (WL), lin-
ar shrinkage (LS), bulk density (BD), ﬂexural strength (FS) of ﬁredﬁring temperatures (a: weight loss, b: bulk density, c: linear shrinkage, d: water
samples are presented in Table 4 and in Fig. 8. Bulk densities ran-
ging from 1.57 to 2.03 g/cm3 increase, with increase in temperature
(Fig. 8a). The bulk density for all the samples increases from 1000 ◦C
with the formation of a substantial glassy phase. From 900 to
1000 ◦C, the bulk density does not witness a signiﬁcant change.
A rise in weight loss (Fig. 8b) is also registered at temperatures
between 950 and 1050 ◦C for all the samples. Above 1050 ◦C the
weight loss for N213, N412, N414 and N713 drop, while that of
N215 and N715 continues to increase. This can be due to the fact
that at about 100 ◦C there is removal of physically bounded water,
causing the ﬁrst weight loss of the brick. At about 500 ◦C, due
to dehydroxylation, kaolinites are transformed into metakaolins
and there is a release of crystalline water. This leads to a second
drop in weight. And, the third drop is registered at about 1060
and 1100 ◦C due to the production of a silicate liquid phase [4].
The ﬁred linear shrinkage (FLS) (2–10%), water absorption (WA)
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Table 4
Firing characteristics of selected clay samples from Ndop plain.
Sample code Characteristics Temperature (◦C)
900 950 1000 1050 1100
N213
Weight loss (%) 14.88 9.84 10.03 10.24 4.83
Linear shrinkage (%) 2 2 2 2 4
Water  absorption (%) 22.47 17.13 15.03 11.42 9.76
Flexural strength (MPa) 3.83 2.7 2.26 7.84 4.7
Bulk  density (g/cm3) 1.53 1.65 1.65 1.83 1.83
Cohesion Very good Very good Very good Very good Good
N215
Weight loss (%) 10.97 9.72 9.63 10.19 6.54
Linear shrinkage (%) 2 2 2 2 4
Water  absorption (%) 18.06 17.87 16.28 12.51 11.30
Flexural strength (MPa) 6.96 5.15 6.18 9.2 7.29
Bulk  density (g/cm3) 1.63 1.66 1.75 1.86 1.81
Cohesion Very good Very good Very good Very good Very good
N412
Weight  loss (%) 10.67 9.98 10.33 10.52 10.72
Linear shrinkage (%) 2 2 4 8 8
Water  absorption (%) 24.02 24.00 20.32 11.49 8.03
Flexural strength (MPa) 1.2 4.05 1.51 11.8 9.63
Bulk  density (g/cm3) 1.58 1.57 1.66 1.93 2.04
Cohesion Good Good Good Very good Very good
N414
Weight  loss (%) 7.27 7.02 6.99 8.57 7.81
Linear shrinkage (%) 2 2 2 4 4
Water  absorption (%) 20.12 19.92 18.16 13.03 11.79
Flexural strength (MPa) 3.23 4.21 4.28 6.31 7.10
Bulk  density (g/cm3) 1.62 1.65 1.68 1.90 1.86
Cohesion Good Very good Very good Good Good
N713
Weight loss (%) 10.75 9.72 10.05 10.70 10.63
Linear shrinkage (%) 2 4 4 8 10
Water  absorption (%) 24.27 23.77 19.74 11.79 10.59
Flexural strength (MPa) 3.77 2.3 2.89 5.4 7.81
Bulk  density (g/cm3) 1.63 1.61 1.68 1.84 1.96
Cohesion Good Good Good Good Very good
N715
Weight  loss (%) 9.92 9.02 8.54 9.81 10.13
Linear shrinkage (%) 2 2 2 4 4
Water  absorption (%) 22.61 21.99 18.24 14.67 13.41
Flexural strength (MPa) 3.2 3.19 4.50 4.43 5.93
Bulk  density (g/cm3) 1.65 1.67 1.68 1.78 1.92
Cohesion Good Average Good Good Good
Table 5
Firing characteristics of mixed clay samples from Ndop plain.
Sample code Characteristics Temperature (◦C)
900 1000 1100
S80
Weight loss (%) 8.17 9.54 9.86
Linear  shrinkage (%) 0.79 1.46 7.99
Water  absorption (%) 25.75 19.96 9.89
Flexural strength (MPa) 4.79 6.24 22.18
Bulk  density (g/cm3) 1.53 1.65 1.83
Cohesion Good Good Good
S60
Weight loss (%) 9.13 9.82 10.52
Linear  shrinkage (%) 1.04 1.89 8.35
Water  absorption (%) 25.96 20.20 9.51
Flexural strength (MPa) 6.19 13.13 22.88
Bulk  density (g/cm3) 1.51 1.62 1.93
Cohesion Good Good Good
S40
Weight loss (%) 9.81 10.02 10.56
Linear  shrinkage (%) 1.22 2.07 8.78
Water  absorption (%) 26.26 21.42 9.09
(
b
o
c
sFlexural strength (MPa) 
Bulk  density (g/cm3) 
Cohesion 
8.03–24.27%) and ﬂexural strength (1.2–11.8 MPa) have frequently
een used as quality and process control parameters in the devel-
pment and manufacturing stages for the production of structural
eramics. The results of FS (Fig. 8c) and WA  (Fig. 8d) of the ﬁred clays
how an increase in shrinkage with a decrease in water absorption6.32 18.14 26.23
1.50 1.6 1.92
Good Good Good
associated with an increase in ﬁring temperature. The greatest ten-
dency was  found above 1000 ◦C due to the signiﬁcant silicate liquid
phase formation. During the liquid phase formation, the liquid sur-
face tension and capillarity help to bring particles close together
and reduce porosity [4]. The quantity of water introduced into the
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lay material during production of a homogenous material to pro-
uce bricks can also affect the shrinkage. The variation of FS (Fig. 8e)
f clays as a function of ﬁring temperature indicates that there is a
oderate development of mechanical strength below 1000 ◦C and
bove 1000 ◦C, the ﬂexural strength increases as a result of reducing
orosity.
The clay samples above 1050 ◦C of ﬁring start having micro
ssures and larger ﬁssures at 1100 ◦C thus reducing the ﬂexural
trength at this temperature. This might be caused by the fact that
he preheating phase of bricks was not completed, so the water
apour left in the bricks did not effectively diffuse out; thus, it built
p and at higher temperatures eventually departed causing ﬁssures
41]. Differences in the granulometry of the raw materials inﬂuence
he texture of bricks; at high temperature (1000 ◦C) bricks can have
ifferent compactness but show similar high durability [42]. At high
emperatures above 900 ◦C and up to 1200 ◦C, the obtained prod-
cts can have high mechanical resistance without deformation or
efects, due to the presence of mullite and cristobalite [43].
The obtained results for the three mixtures are shown in Table 5.
t indicates low ﬁring shrinkage at 900 ◦C (0.79–1.22%), while at
100 ◦C a higher range of values is notice (7.99–8.78%). Water
bsorption (9.09–26.26%) and the ﬂexural strength present a sig-
iﬁcant variation (4.79–26.23 MPa) above 1000 ◦C; a variation is
lso noticed for bulk density (1.50–1.93 g/cm3). The higher range
f values for ﬂexural strength at 1100 ◦C (22.18–26.23 MPa) is a
esult of a drop porosity reducing. The speciﬁed values of water
bsorption (WA) and mechanical resistance () for kaolinitic mate-
ials [44] are: dense bricks (WA  < 25% and  ≥ 2.0 MPa), ceramic
locks (WA  < 25% and  ≥ 5.5 MPa) and rooﬁng tiles (WA  < 20% and
 ≥ 6.5 MPa). Low ﬂexural strength values disqualify the raw mate-
ial for ceramic uses [45]. The results show that dense brick and
eramic block speciﬁcations were achieved up to 1000 ◦C, while
ooﬁng tile speciﬁcations are attained only at 1100 ◦C for all mix-
ures. Although, rooﬁng tile speciﬁcation is nearly attained at
000 ◦C for the mixture S80 (WA  19.96% and  6.24 MPa). These
esults indicate that the clayey materials mixtures display better
roperties and may  be suitable for the manufacture of more ceramic
roducts, such as rooﬁng tiles.
. Conclusion
The Ndop plain exhibits important clayey materials with differ-
nt facies, with colour ranging from brown, grey, dark grey, mottled
nd yellowish brown, and clayey to sandy texture. The thickness
f the exploitable clay is shown to be more than 5 m.  The studied
layey materials are siliceous, aluminous with small iron, titanium
nd bases and have kaolinite as major clay mineral. The Ndop plain
layey materials are characterized by a high percentage in ﬁne par-
icles and are very plastic thus good for ceramic applications (roof
iles, light weight blocks and hollow bricks). Good properties (high
exural strength) of the tested mixtures suggest that the mixing
f the clayey and the silty materials from this area are suitable for
tructural ceramic products.
Considering these favourable characters, the mechanical prop-
rties which can be improved, the positive results from the ceramic
ests, the Ndop clays represent a very important resource to the
ameroonian ceramic industry for the production of tiles, bricks
nd pottery if appropriated and complementary studies are carried
ut.
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